The intertidal zone is a complex coastal area exposed to a wide variety of environmental factors. During low tide, rocky pools are exposed to air for several hours throughout the day, and environmental conditions such as temperature and salinity are highly variable. Fish communities that inhabit these tide pools are also exposed to environmental variability; therefore it is important to look at fish community structure in relation to important environmental factors such as temperature, salinity and dissolved oxygen on tide pools during spring tides, time of greater exposure to air. Therefore, the aim of the present study was to analyze the variation of the taxonomic distinctness of intertidal fish communities considering temperature, salinity and dissolved oxygen of the water that remains trapped in the tide pools during low tide. Visual census surveys were carried out monthly, from January to December 2015, in the intertidal zone of El Faro during spring tides on full moon days, when fluctuations of environmental variables are significant. Total extension of the census surveys was 156 × 5 m (780 m 2 ). A total of 145 tide pools were sampled and divided in three groups (small, medium and large) according to size and depths that ranged from 20 to 45 cm. Temperature, salinity and dissolved oxygen fluctuate throughout the year of study. Thermal difference between open ocean and tide pools ranged from 3.5˚C to 4.5˚C. A total of 3757 organisms from 22 species, 12 families, four orders and one class were recorded. When comparing taxonomic distinctness and average taxonomic distinctness between months and tide pools of different sizes, values fell within the confidence intervals in the tunnel and were located close to the mean.
Introduction
The intertidal zone is an area of transition between low and high tide, and it is characterized by key ecosystems such as sandy and rocky beaches. There are many fish species inhabiting the intertidal zone and use the complex rocky areas as shelter to survive and withstand environmental change. During low tide, physicochemical variables such as temperature, salinity and dissolved oxygen can be highly variable during the day, particularly in exposed habitats such as tide pools, as a result from air exposure and solar incidence. Intertidal zones are also a source of important ecosystem services; therefore, anthropogenic impacts may increase vulnerability of these ecosystems to climate change, particularly global warming. Geomorphology of coastal areas regulates their structure and ecological dynamic, and is a useful reference to interpret environmental impacts, with special attention on those intensified by climate change [1] [2] . There are not many studies of fish communities inhabiting the intertidal zone in México that include long term collection of critical environmental parameters and their influence on the taxonomic distinctness. According to a previous work carried out in El Salvador [3] , studies on fish communities of intertidal zones in tropical regions (including México) are limited, making this an important contribution to increase the knowledge on intertidal zones on the west coast of Baja California, México [4] [5] . Regarding studies on taxonomic diversity, previous studies analyzed structure of the communities, and there are no previous studies about taxonomic distinctness of the intertidal fish communities in this region, making the present study a great contribution to better understand the dynamics of intertidal fish communities of this region. Therefore, the aim of the present study was to determine the taxonomic distinctness of fish communities trapped in tide pools during low tide and its relation with physicochemical variables such as temperature, salinity and dissolved oxygen.
Methods

Study area
The site known as "El Faro" is located 24 km west of the common land known as Conquista Agraria, at N23 57.351 and W110 52.437. The study area is located 524m north from El Faro, between N23 57.553 and W110 52.654 to N23 57.622 and W110 52.705 ( Figure 1 ).
Fieldwork
Monthly samplings were carried out in the intertidal zone during the full 
Ecological indices
To determine taxonomic diversity of this fish community the following ecological Average taxonomic distinctness index (AvTD Δ + ) [7] : Open Journal of Marine Science This index evaluates richness as well as the taxonomic distance of each species pair, defined through a Linnean classification tree. In both of these last two indices each hierarchical taxonomic level gets a discrete and proportional value in a scale that goes from 0 to 100. These indices are independent of sample size and do not need data normality. For the first index, we used the total abundance data, standardized according to [6] ; for the second index [7] , we used presence/absence data. To calculate these indices six hierarchical levels were used:
species, genus, family, order, and class. 
Results
Physicochemical variables
Water temperature in the tide pools showed great variation. Mean temperature was 28.18˚C, with significant differences between months (F (11, 24) = 379.93, p < 0.001). September was the warmest month (32.64˚C), followed by August and October (32.53˚C and 32.43˚C, respectively). The coldest month was January (24.30˚C) ( Table 1) . Comparing between tide pools of different size and depths, there were no significant differences of temperature (F2, 33) = 0.0283, p = 0.9721). The overall mean salinity was 30.31 UPS, with significant differences between months (F (11, 24) = 12.0361, p < 0.001). Highest salinity was recorded in September (32.3 UPS) and the lowest was recorded during April (27.56 UPS) ( 
Discussion
The intertidal zone is highly variable through time and space [12] [13] partly due to seasonal and daily variations of tide and solar radiation [14] [15]. Our study area is characterized by a mixed tidal cycle, which is the reason why physicochemical variables were measured during the afternoon low tide (between 13:30 and 17:30 hr.), and the exposed time of pools during low tide was 6 h 20 min.
From the three environmental variables measured in our study, temperature showed marked variations throughout the year (Table 1) Salinity showed variability throughout the year, probably due to evaporation of the water in the tide pools, which can be higher, particularly during the warmer months. These variations are similar to previous studies [3] [16] .
Dissolved oxygen increases during the day (due to photosynthesis) and decreases at night (due to a lack of photosynthesis alongside respiration) [18] . According to our results, dissolved oxygen showed significant differences between months, ranging from 5.5 to 25 mg/L. These variations are probably due to a difference in oxygen demand, because of the presence of different organisms molluscs (gastropods, polyplacophora, cephalopods), crustaceans, annelids, sipunculids, anemones, sea urchins and limpets; as well as brown, red and green algae. Abundance of these organisms fluctuates throughout the year, causing a variation of oxygen demand, and probably of dissolved oxygen throughout the duration of our study, similar to previous reports from Cadiz, Spain [18] . When comparing tide pools of different sizes, there were no significant differences of temperature, salinity and dissolved oxygen, suggesting there is no preference on size from fish because environmental conditions are similar in all tide pools, and therefore they are all probably being used as shelters during low tide.
Studies about taxonomic diversity of the intertidal fish community of tropical and subtropical areas in México and other regions are limited [3] . The present study is the first one of its kind using taxonomic distinctness indices linked to environmental variables in this region, therefore becoming an important contribution to the understanding of temporal changes of the structure of the intertidal fish community of the West coast of the Baja California peninsula [4] [5] [19] .
Species richness describes changes in the number of species according to sample size [20] . Environmental variables and time fluctuations have a significant impact on the number of species, and therefore, on the species richness. According to our results, overall species richness was 2.80. Previous studies found no significant difference on species richness between tide pools of different sizes, but did found changes between different water volumes [3] . Fish community structure in tide pools is regulated by resources availability such as shelter, food, and others [17] . Considering these factors within our study area, species richness can change throughout the year (Table 1 ).
Fisher's alpha diversity index [21] evaluates diversity more efficiently considering number of organisms and number of species [22] . Although it is not commonly used, from an ecological perspective, it is well fitted because it does not rely on sample size and all species have the same weight [7] [23] [24] . According to our results, this index showed significant differences when comparing between months F (11, 24) = 2.8299, p = 0.0152 and between tide pools of different sizes (F (2, 33) = 3.3088, p = 0.0352). Since no previous studies have used this index to analyse intertidal fish communities, we infer this index shows a diverse community, considering we recorded from six to 15 species throughout the year (Table 1) . This is inference is based on previous studies, that although analysed fish communities from different habitats such as coastal lagoon, La Paz Bay and San Jose Island, recorded Open Journal of Marine Science similar values to our study (from 9 to 25) [25] [26] [27] .
Taxonomic distinctness (Δ*) is the path length between any two randomly chosen individuals that are from different species [7] . This index was established to infer if an ecosystem has been subject of anthropogenic impact or is in pristine conditions. Values are adjusted depending on the number of hierarchy levels used; five levels were used for the present study. The use of this type of ecological indices in Mexico is relatively recent. For example, a temporal ∆* from 49.95 to 229.37 units was reported in San Ignacio lagoon [25] . Another study carried out in San Jose Island reported values from 80 to 153.58 units [27] . Similar values were reported for La Paz Bay [27] . In the present study, we recorded monthly values that range from 50.17 to 186.8 units (Figure 2 , Table 1 ). These differences, compared to those studies, are probably due to a different sampling method like a trawling net, used in San Ignacio lagoon [28] . Our results are similar to those previously reported, even though were carried out in different habitats. When presence/absence data are considered for analysis, taxonomic diversity (Δ) and taxonomic distinctness (Δ*) converge in the same index, average taxonomic distinctness (Δ + ), which is the length of taxonomic relatedness between two random species [29] . Our results, like those previously reported in San Ignacio [25] [28], San José island [27] , and La Paz Bay [25] [30] with values close to the mean, and in some cases, close to the confidence intervals, suggest that our study site is in good ecological condition. There are no previous studies that used these indices (particularly Δ* and Δ + ) to analyse the structure of the intertidal fish community in México or any other region. Therefore, we consider the present study a very important contribution to the knowledge of taxonomic distinctness in fish communities inhabiting intertidal pools, a vulnerable and exposed area to the constant change of critical environmental variables accordingly.
Conclusion
Physicochemical variables measured in this study showed significant temporal variation. However, considering size and depth of tide pools, there were no significant differences, which suggest that since all tide pools have similar environmental conditions, there are no size preferences and all tide pools are probably being used as shelters during low tide. Temperature is an important environmental variable to include in taxonomic diversity and community structure studies, since it has an impact on biological processes of many organisms, including fish; therefore, given the increase of intensity and frequency of extreme events associated with climate change, particularly global warming, it is important to study the effect of variation of temperature through time, especially during the summer months, in vulnerable ecosystems such as the intertidal zone.
